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I. INTRODUCTION
This Phase II report presents a design discussion along with
the preliminary results of an extensive evaluation program
conducted by WALTER V. STERLING, INC. (WVS) on prototype
Nondestructive Weld Testers (NDT). The prototype systems
were designed and fabricated in the WVS facility and evolved
from laboratory instrumentation developed during earlier in
vestigative studies carried out during Phase I. A detailed
reporting of work accomplished during Phase I was published
in March 1968 under NASA Report number CR 732070
Work on the subject program was authorized by the Aeronautics
C
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and _Space Administration, Ames Research Center (NASA/ARC) under
Phase II of Contract NAS 2-4166.	 This contract was issued by
NASA/AR" for the purpose of developing NDT weld evaluation
techniques and instrumentation for ultimate application in
the field of high reliability electronic circuit and component
welding.
The perception by NASA of the need for the_` development of an
effective system was substantiated early in Phase I, when
visits to manufacturers revealed a. lack of consistent standards
j for weld acceptability	 ithin the aerospace industry.Y•
J
ti
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Additionally, the very long duration interplanetary space
missions, presently projected by NASA, indicate the need to
develop methods for increasing the failure-free operating
times for equipments (i.e., equipment reliability) by as much
as two to three orders of magnitude over present capabilities.*
These strides must be accomplished both for the basic parts
themselves and for the methods by which they are intercon-
nected. The practicalities of demonstrating equipment relia-
bilities of such magnitudes by normal test methods becomes
difficult or impossible to achieve in either practical or
economic terms. Thus an NDT system such as the one being
developed offers promise with respect to at least improving
the .interconnection situation.
The NDT system described herein measures several weld attri-
butes during the time that the weld is actually being made,
compares these measurements against a set of predetermined
criteria for that given pair of materials, and accepts or
rejects the weld on that basis. Therefore, dependence on
visual inspection is minimized, consistent standards for
weld acceptability are realized, and a high degree of confi-
dence can be placed in welds accepted by the system.
*F. B. Smith, "Summary Report Future Programs Task
Group," NASA, presented to Congress April 1965.
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Evaluation of the prototype NDT systems is being accomplished
on the production lines of the Lockheed Missile & Space
Company/Sunnyvale (LMSC) and General Dynamics/Pomona (GD/P).
Both NASA and WVS are indebted to these companies for per
r
mitting NDT instrumentation to be installed and used on their
regular production lines. Without their active participation
and continued interest, a program of this type would not have
been pos sible.r
L' _.
A continuation of our present effort is currently under way,
and this additional effort will be devoted to the acquisition
of supplementary production weld data to further confirm the
results of our initial work. Also a familiarization program
to acquaint industry and government agencies with the results
of our NDT studies will be implemented. Concurrently with
the above activities, an in,-depth study is also being initiated
to determine the feasibility of utilizing already developed
NDT techniques in other applications such as the manufacture
of integrated circuits.
s
This report is devoted to the total Phase II effort. Suff-
.a
r fr,	 cient Phase I background information is included to establish
continuity for the entire program to date. The design_ ap-
proaches considered for the NDT system are discussed and a
description of the actual prototype design is _given. Finally,
,
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SECTION II. SUV1MA,1Y
The design and fabrication of three prototype weld evaluators
has been completed and a program to demonstrate their effec-
tivity in the production environment is under way.
In their present configuration the prototype systems measure
the peak values of Weld Pulse, Infrared, and Dynamic Setdown;
it then compares each of these measurements to acceptance
r`	 limits stored in the system. The sampling performed by thea
system does not adversely affect the quality of the weld inj.	
any way. In. this mariner the NDT system performs a real time
nondestructive examination of each weld and presents a visual
indication of weld acceptability to the operator.
The purpose of the NDT prototype evaluation program is to
process large quantities of production welds in a manufactur-
ing environment in order to establish the performance integ-
rity and operational reliability of the equipments and to
dertionstrate the validity of the NDT concept as implemented
by the prototype systems. To date, these objectives have been
_.	 met in Fll respects. A significant result of the evaluation,
thus far, has been that the NDT systems did not in any way im-
p	 p	 y	 P-	 ede the weld operator, or adversel  affect the normal. o era-
tion of the weld station.
b
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Tie prototype systems were employed to join a large number of
different material combinations, with required weld energies
ranging from 2.8 to 44 watt-seconds. The specific materials
which were joined during the course of our evaluation are tabu-
lated below:
1
0.012" x 0.030" Ni Ribbon to: 0.017" Gold Flash Kovar Wire
0.025" Bare Ni Wire
0.020" Gold Flash Dumet Wire
0.020 Ni Wire
0.025" Oxygen Free High-
Condurt ve Co er WirePp
0.020" Ni Wire to	 0.020" Gold Flash Dumet Wire
r , 0.020" Bare Ni Wire
0.025" Gold Flash Ni Wire
`- 0.016" Gold T'lash Ni Wire
0.017" Gold Flash Kovar Wire
. Both LMSC and GD/P were fabricating cordwood modules of dis-
crete components utilizing 0.012" x 0.030" nicked ribbon or
0.020" nickel wire as the component interconnect material.
r_ For the purposes of our evaluation a maximum of 50/ setdown
L was allowed, since this amount was standard at both LMSC and
-, GD/P.	 Thus the Accept/Reject criteria were as follows:j
Weld Reiection Criteria	 Any weld with over 50/ dynamic
setdown or, any weld` produced
with reverse' polarity setting or,
6.
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any weld yielding any two or
more "FALSE" weld parameter sig-
nals (i.e., any detected signal
outside the Acceptance Limits
determined at the time of instal-
lation calibration).
Weld Acceptance Criteria Any weld with less than 50/ dy-
namic setdown and proper weld
polarity setting, and any two or
more "TRUE" weld parameter signals
(i.e., any detected signal inside
the Acceptance Limits determined
at the time of installation cali-
bration).
Potentially serious deviations in the welding process caused
by power supply drift, contaminated lead materials, etc.,
were detected immediately by the prototype NDT systems. In
addition, defective welds caused by common operator errors
such as incorrect schedule selection, mispositioning of work
between electrodes, and incorrect welding pulse selection
were consistently rejected by the NDT systerns in both user
facilities.
6c ^^
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Throughout the evaluation program a total of 372 production
welds were rejected by the NDT systems.
In the final analysis it was the user inspectors who ultim-
ately decided the acceptability of questionable welds. Their
decisions were based upon quantitative assessments of weld.
strength as determined by applying a force to the joint, by
means of a scribe or orange stick. If the weld survived, it
was accepted regardless of cosmetic appearance.
In the process of detecting defective welds the NDT systems
rejected about 0.8/ so-called good welds as determined by the
above criteria. We had previously concluded from our labora-
tory investigations program that it is necessary for a small
number of "good" welds to be rejected in order to assure the
detection of bad ones and eliminate marginal quality. All
rejected welds do, however, exhibit characteristics outside
the range established by the acceptance Limit measurements
and are therefore indicative of at least a substandard
 
weld.
Conversely, the results of our work to date have shown that a
very high degree of confidence can be placed in the welds
f-ha4 have hoon ^nr.orf-cA h 1-1^a NMM
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tIII. BACKGROUND INFORMATION
The prototype systems discussed in the following sections of
this report were designed by WVS to automatically implement
theneasurement techniques developed during Phase I. During
Phase I a comprehensive study of wine welding technology as
it applies to the fabrication of electronic circuits was
first completed in order to devise a means of determining
weld quality in a nondestructive manner. This study was sup--
ported by concurrent laboratory investigations of the instru-
mentation techniques showing the greatest promise of provid-
ing useful nondestructive test measurements. Based upon our
initial research studies, the following techniques were se-
lected for more detailed investigation:
Eddy current measurement
Weld joint resistance measurement
r.	 •	 Sonic and ultrasonic vibration
• Weld pulse monitoring
• Infrared radiation measurement
a.
• S`etdown measurement
y
Our findings regarding each of these techniques-were as fol-
lows:
A. Eddy Current Testin4
F Eddy current testing has been widely and effectively
9.
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employed for NDT of electrically conducting materials.
In principle, detection of some of the factors directly
relevant to weld joint quality evaluation is possible
using eddy current techniques. This would include voids,
cracks, and some attributes of metallurgical structure.
However, eddy current magnitudes induced in the test speci-
mens are directly responsive to size and geometry of the
material, and position of the test coil with respect to
the material. Thus, the complexity of the many possible
weld joint forms and control of their orientation with
respect to the test coil, or probe, appeared to present too
great an obstacle for effective application within the
time scale of this investigation.
B. Weld Joint Resistance Testing
The concept of weld joint resistance testing is based on
the postulate that post-weld joint resistance should bear
a strong relate nshi.p to weld point area; and that weld
joint area is, in turn, a primedeterminant of weld pull
strength. However, a number of investigations (including
:..	 work in ` our own laboratory) have tried this approach, , us--w
ing a variety of methods, with the general conclusion that
there is no useful correlation between post-weld joint re-
sistance and weld pull strength
10.
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C. Sonic and Ultrasonic Vibration
The idea that a weld joint may actually be undergoing
physical stress and strain while testing with sonic or
ultrasonic vibrations, gives this method a unique logical
appeal. It appeared that an appropriate vibration energy
excitation method coupled with measurement of the result-
ing stress-strain-rate behavior, could reflect the effects
of such weld joint attributes as work hardening and bonded
area. This, in turn, could be expected to permit direct,
effective weld-by-weld correlation with pull strength,
which also is influenced directly by these kinds of physi-
cal characteristics. While this approach appears to have
merit, most of the applications have been in the area of
large structural type welds, with much less complex struc-
tural interactions than the typical electronic module. It
was therefore not selected as a primary approach for this
project.
I
The remaining three techniques, weld pulse voltage moni-
toring, infrared radiation, and setdown, were ultimately
selected, in combination, by WVS for instrumentation.
D. Weld Pulse Voltage
K
One of the factors relating to weld quality is the varia-
tion in resistance through the weld joint while the weld
NQ 4	 poll
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is being made. Analysis of the welding electrical circuit
revealed that two impedance factors are of concern: the
dynamic resistance of the welds and the impedance of the
total welder circuit, which is fixed. the welding current
produces a voltage drop across the weld that is a function
of weld resistance.,
The peak value of this welding pulse, occurring during the
welding cycle, is utilized as an indicator of weld quality.
E. Infrared Radiation
Another welding process attribute that was amenable to
i.nstumentation was the thermal energy of the weld. The
application of force, generation of sufficient thermal
energy at the weld faying surface, and maintenance of
proper heat energy distribution across the weld joint are
key factors in making a resistance weld.
The short duration high temperature: that are an essential
part of the welding process produce a considerable yield
of infrared radiation. The peak value of infrared is uti-
lized as an indicator of weld quality.
F. Dynamic Setdown'
Dynamic setdown is the change in total thickness of the
12
i
r
ttwo materials (between the electrodes) that occurs during
the welding cycle. In actual practice, the setdown limits
are usually employed as guides for visual inspection in
production welding rather than being determined from ac-
tual gage measurements. However, WVS investigations veri-
fied the existence of higher level of correlation between
the dynamic setdown occurring during - the weld and weld
quality.
Extensive laboratory investigations by WVS showed what
appeared to be usable correlation between the selected
individual parameters and subsequent: weld quality as de-
termined by torsion shear pull tests. The simultaneous
instrumentation of all three attributes, however, showed
greater promise than did any of the parameters when taken
singly.
The three technique's were therefore used in combination to
form a "system" with the ability to provide consistent in-
dications of weld quality. This system was then subjected
to a varied and thorough evaluation program in our labora-
tories by intentionally fabricating defective welds whose
}	 known defects represented a cross-section of the most-prob-
able failures resulting from machine, operator, and mater--
•
ial deficiencies
}
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The NDT laboratory instrumentation showed excellent corre-
lation, in terms of established torsional shear strengths,
for good and bad welds. A secondary result of significant
value was the demonstrated sensitivity of the measured
weld attributes to deviations in welding conditions which
if allowed to continue would result in bad welds. Prop-
erly applied in a production situation, this aspect of
the system can supply process control information that
will prevent the occurrence of poor quality welds.
v
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IV. NDT SYSTEM DESIGN DISCUSSION
r
The NDT design program was initiated to develop a system cap-
able of measuring and evaluating pertinent weld attributes
which occur as the weld is made. These attributes (weld pulse,
infrared, and dynamic se tdown) are discussed in detail in WVS
Phase I Final. Report NASA CTS 73207.
The prototype weld evaluator, in the present configuration,
measures the weld attributes identified above and compares
each of these attributes with prescribed electrical acceptance
Limits which are stored in the weld evaluator. Based on these
comparisons, it then determines that the weld is or is not sat-
isfactory. The sampling performed by the NDT system does not
produce any detrimental effects on the character of the weld.
Thus it performs an instantaneous, nondestructive examination,
{.;	 of each individual weld and presents a visual indication of
weld acceptability to the operator.
Two prototype NDT weld evaluator systems were designed, built,
and certified in our laboratories_ during Phase II . A . A third
unit was built for spares application during Phase II..B,-the
3r,	 production evaluation phase.
N
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A.	 Major Design Criteria
The following items were considered to constitute primary
criteria for the design and implementation of the NDT
systems.
•	 Noninterference with the operator ---,- The instru-
mentation must not interfere with the normal weld-
ing operation in any way. 	 This meant that the
operator's view of the weld area must not be im-
paired in any manner; the-normal operator manipu-
lations of the weld ma^_:erial with respect to the
electrodes must not be interfered with; and acces-
sibility of electrodes and other welder parts for
maintenance purposes must not be impeded.
r ,.
•	 No effect on welding characteristics --. The instru-
mentation must not interfere with welding charac-
teristics in any manner. 	 This would be of particu-
lar concern in instrumenting setdown,- where elec-
trode movement must be transduced into voltage
without degrading electrode fol low-up characteris-
tics.
•	 Minimum complexity	 In order to facilitate ini-
tial installation of instrumentation, calibration,
16,-
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and maintenance,	 the actual application must be
as simple as possible.	 For instance, in instru-
mentation of infrared radiation the use of
sophisticated optics could result in an undesired
degree of complexity.
•	 Measurement integrity	 The prototype system
must successfully implement the NIT concept demon-
strated as feasible during the Phase •I studies.
In order to accomplish this, the system should
have sufficient measurement accuracy and opera-
tional stability to ensure that no degradation of
341 NDT concept effectivity results.
•	 Results to the operator -- The system must present
weld evaluation results to the operator and/or
supervisor in a simple yet obvious fashion.	 Again
this indication must be accomplished with little
-` e	 l operations.or no interf rence with norma	  	 i s.
W, -
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the impositions involved. Accordingly, the respective
weld station configurations were carefully ascertainedi
and the restrictive mechanical constraints defined. The
respective station configurations .are shown schematically
in Figures 1 and 2. The pertinent weld station informa-
tion has been tabulated in Tables land 2.
C. Detailed NDT Design Discussion
As with any well conducted design effort, the preparation
of detailed design objectives was undertaken. In formu-
lating these objectives all aspects of the design were
`	 considered to ensure that the resulting system would meet
the requirements for accuracy, reliability, safety, etc.,
while being a product that is readily producible. The
items which were considered to be prime design requirements
are listed below:
• Measurement of the applicable attributes must not
cause any degradation in the formation of welds.
• The transducers used to acquire the attributes must
have minimum interference with normal welding methodsb	
and procedures
f'	 • Operator participation, in regard to weld e=valuator
p	 .o eration, must be minimal.
• Use of the weld evaluator should not cause a signifi-
e4 ^	 ycant reduction in the work area normally allocated to
the operator.
13..
w.
Transducer Assembly
q 	 500 Included Angle
Welding Head unitek. 1032 C.
Operator Panel
Welder
NDT Signal Power
and Power Supply
Cable	 (50") Unitek
1-088-03
NDT Power Supply
& Signal Conditioner
Figure 1.
L ^`
GD/P WELD STATION CONFIGURATION
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TABLE 1
DEFINITION OF NDT/WELDER INTERFACE AT G'D/P
1. Welder Power Supply
Manufacturer
	
Unitek
Model	 1088
Pulse Settings	 Short/Normal/Lona
2. Welding Head
Manufacturer
	
Unitek
Model	 1032C
Orientation
	
Vertical
t	 3. Electrode Holders
T........4.L.	 -31, 11
tP^
r
TABLE 1 (Cont.)
5. Clearance
Perpendicular Distance
between Electrode Toe
and Closest Transducer 	 5/8
Inside Dimension
between Electrode
Holders in Closed
i	 Position
	
3/8"4.y
64
6. Module Information
i	
Package Technique 	 Cordwood
Types of Weld
	
	
Cross Wire L.012 x .030
Ni Ribbon interconnect)
w , - - 7
t
3. Electrode Holders
Length
Diameter
3
3Z8
4. Electrodes
TABLE 2
DEFINITION OF NDT/WELDER INTERFACE AT LMSC
1. Welder Power Supply
Manufacturer Unitek
Model 1059
Pulse Settings Normal
2.	 Welding Head
Manufacturer Unitek
Model 1032A
Orientation Vertical
if
Y
TABLE 2 (Cont.)
5.	 Clearance
Perpendicular Distance
s between Electrode Toe
and Closest Transducer 0.3"
Inside Dimension
between Electrode
'• Holders in Closed
Position 0.625"
6.	 Module Information
Package Technique Cordwood
Types of Weld Cross Wire. Ni Ribbon
.010 x .030 & .020 Ni
wire matrix interconnect
^. R
Sheet 2 of 2
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• Parts incorporated in the design of the weld evaluator
should be readily available.
• The weld evaluator must be impervious "Co the manufac-
turing environment in which it is to be used.
• Accuracy of the entire NDT system must be no less than
2/ to duplicate that achieved during Phase I.
• Design of the weld evaluator must incorporate concepts
which will lead to a reliable, stable system that is
sufficiently free of the need for adjustments and
maintenance as to permit its use in a production envir-
onment.
• Use of the weld evaluator must not create a safety
hazard for the operator.
• The -weld evaluator system must be designed , to minimize
the need for specialized manufacturing and testing a.'
techniques.
1. General Design Considerations
The selection of the NDT design concept required care-
ful consideration of the Phase I study results. The
primary conclusion drawn from Phase I was that best
--
	
	 NDT capability was realized when the three weld attri-
butes were utilized as indicators of weld quality.
Previous study programs conducted by other organiza-
tions have attempted correlation of weld	 quality with
each of the three attributes used in the WVS system.
rx
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However, to the best of our knowledge, the subject
system is the only one to use a combination of attri"
butes.
The data accumulated during Phase I substantiated
the fact that the measurement of a single attribute
was less effective in detecting poor welds than the
present system which employs the attributes. Using
50% of the average pull strength (x) of the control
group welds as the criteria for an acceptable weld,
setdown yielded the best results for a single attri-
bute. Specifically, the Phase I data show that the
individual measurement of Dynamic Setdown is approxi-
mately 855C' effective, Infrared .about 75/, and Weld
Pulse 77/. Further, it was shown that by requiring
two out of the three attributes to be within the
prescribed boundaries and having the override con-
dition of excessive setdown and reverse welding pulse,
an NDT system could be realized that was 100/ effec-
tive for the conditions simulated in Phase I. Thus
the NDT instrumentation should be designed to measure
three attributes, determine their relationship with
the prescribed boundaries, and if two of the three
attributes are not within- the prescribed boundaries,
26.
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indicate that the weld is not acceptable. Conversely,
if two of the three attributes are within the pre-
scribed boundaries, the NDT must indicate that the
weld is acceptable. To achieve this method of eval-
uating weld quality, the system design must incorpor-
ate a "voting-process."
Another factor to be considered is the individual char-
acteristics of the signals to be measured and what por-
tion of those signals is significant in the evaluation
of resistance welds. An extensive study of these fac-
tors was also performed in Phase I of this program.
In the course of the study, the voltage waveform of
each of the three attributes (Weld Pulse, Dynamic Set
down, and Infrared Radiation) were photographed using
numerous combinations of material pairs, weld energy,
and force pounds. These photographs reveal the pertin-
ent characteristics of each of the attribute waveforms.
During Phase I, it was also determined that the peak
amplitude of each attribute was the most significant
characteristic to be measured. Further, it was shown
that for each combination of material pair and weld
schedule the peak voltage analogous to each attribute
would be within well-defined boundaries, the "upper
27.
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limit" of the boundaries being the maximum peak volt
-
age an attribute  can attain while prove -1 4 ng an accept-
able weld. in a similar manner the "lower limit" of
the boundaries is the minimum peak value an attribute
can attain while providing an acceptable weld. The
Dynamic Setdown attribute has another boundary to be
considered. This is a measurement of excessive defor-
mation of the material pair. Excessive deformations lim-
its vary from 35/ to 50/ of total material thickness,
depending on the material. The amount of allowable
deformation is different in one company than another.
r	 However, in all cases, exceeding the limits on exces-
sive deformation is sxfficient cause- for rejection of
the weld.
^	 Thus the major electrical requirements of the NDT
l
were considered to be
I` a. Measure the peak values of the three attributes.
b. Compare the peak values with the prescribed limits.
c. Determine the number of attributes which exceed
their boundaries. If two or more attributes ex-
ceed the prescribed boundaries, indicate that the
weld is "not acceptable.'" If less than two attri
-
butes exceed their prescribed boundaries, indicate
4x
I
of deformation ext,eed that defined as "excessive
deformation," the weld evaluator must indicate
that the weld is "not acceptable," regardless of
the value of the other attributes.
d. Indicate the results of the comparisons to the
operator and/or supervisor.
e. The NDT system must perform the functions listed	 t
above while operating in a production environment
with the associated electrical noise and primary
A.C. power line perturbations.
2. Electrical Design Discussion
This section of the design discussion presents a de-
tailed description of the electrical design of the
NDT weld evaluator. First the over„al-A system is dis-
cussed, and then each subsystem is treated indivi.d
ually.
a System description
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•a photovoltaic cell to measure infrared radiation,
and terminals to take off the weld pulse voltage.
The Sampling Subsystem contains the circuitry re-
quired for signal sampling and comparing, the tim-
ing and control circuits, and the output control
logic. The major portion of the Sampling Subsys-
tem design employs digital circuitry to assure
stable, accurate, and reliable operation in the
electrically-noisy production environment..
The acceptance limit voltages for each of the meas-
ured weld attributes are derived from the Accept-
ance Limits Subsystem. The unit provides five
sets of adjustable and selectable high and low
limits for each attribute as well as the excessive
setdown limit. These signals are fed to the Sam-
pling Subsystem, where they are used as reference
signals during the comparison time of the weld
evaluation interval.
The necessary operating voltage for
tem is provid--d by the System Power
supply operates from the 110 V. AC,
able in the GD/P and LMSC facili'.ie
power supply provides six regulated
DC voltages.
t e NDT sys-
Supply. This
60 Hz avail-
s. The system
and filtered
b. Transducer assembly
In view of the promising results obtained from the
Phase I studies, the specific types of transducers
were retained in the prototype design. The overall
transducer assembly, however, was completely rede-
signed to achieve the desired flexibility. The
unit is attached directly to the waldi.ng head using
existing allen head screws (see Figure 4) and does
31.
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not require welding head modification of any kind.
The transducer electronics and the GO-NO/GO indi-
cators are contained in a small box which is an
integral part of the assembly.	 A schematic of the
w transducer electronics is presented in Figure 5,
and the individual transducers and pick-offs are
discussed in some detail below:
1)	 Weld voltage pulse	 Leads attached to the
top end of the electrodes,	 twisted, and or-
Tented up and away from the welder head.	 This
configuration effectively eliminated voltages
induced into the instrumentation leads by mag-
netic fields caused by the large welding cur-
rents.
2)	 Infrared radiation --,- Our detector evaluation
(REF. NASA CR 7320) weighing all factors re-
salted in the choice of the Hoffman N120CG-11L
photovoltaic silicon cell with a sensitive area
of 0.375" by 0.75". 	 It is mounted on the weld--
-= head directly above the welding electrodes and
is covered with an IR transmitting/visible
blocking optical filter to minimize the effect
of ambient light conditions on cell output.
Connection to the signal conditioner is again
through twisted pair conductors to minimize
stray magnetic field pickup
f	 3) Dynamic setdown	 The final transducer design
consists of four strain gages attached to a
beam	 two in tension mode and the other two
ww
in compression mode	 and electrically connected
in a full-bridge-for instrumentation.
	 The strain
gages were provided by and mounted to our beam
design by Manning Instruments, Inc. The strain
gage beam is clamped in a holding fixture which
33.
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supports and positions the beam perpendicular
to the movable electrode holder. The motion of
the electrode holder during the welding process
deflects the cantilevered beam as se tdown oc-
curs, producing the measured change in strain
gage bridge output. The inter-electrode force
is nearly constant during this period of meas-
urement, so no electrode bending change errors
are introduced.
The length of the beam and location of the
strain, gages on the beam were adjusted exper-
imentally to attain maximum sensitivity com-
mensurate with required beam bending force.
The resulting instrumentation provides an ac-
curate output of 35 millivolts per mil of mov-
able electrode tip travel.
c. Sampling sub.sys tem
_ The subsystem contains all of the circuitry neces
sary to sample the signals from the transducers
and to compare these signals with reference levels
from the Acceptance Limit Selector. The Sampling
Subsystem also provides the output logic and drive
signals for the Indicator Panel. A block diagram,
of the Sampling Subsystem is shown in Figure 6.
The theory of operation is described in the follow
ing paragraphs.
^ro	
.
1) System clock and timing-generator
The system clock provides the basic signals
to control the various time intervals required
to evaluate each weld. As previously dis-
cussed, the 'NDT system ,, amples and evaluates
the weld attributes and indicates the results
I
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to the operator. In addition, to negate the
need for the operator to reset the indicators,
an indicator reset time is requi..ed. This
time should be just prior to the evaluation
of, the next weld to allow the indicators to
be activated for the moximum amount of time.
Also, the memory elements of the NDT system
must be reset. In order to accommodate high
welding rates, the memory reset should occur
immediately after the comparison (transducer
outputs against acceptance limits) is completed.
In this way the sample and compare circuits are
immediately ready to accept the next wel"-' in-
formation.
There are two other time intervals necessary
to properly implement the NDT system. To pre-
clude random noise signals from affecting the
accuracy of the detector circuits, these cir-
cuits are disconnected from the input signals
at all times prior to the sample interval.
Thus a timing signal is required for this in-
terval. In addition, to negate the effects
of noise pulses which are produced by the weld
station power supply during the welding capac.i-
tor recharge time,* the sampling subsystem must
be made impervious to these perturbations.
Thus, it must be inhibited or inactive during
this period,
7
9
rjp
	
.
^G.
^r
G;
In summary, there are four basic timing inter-
vals required to implement the NDT system and
two intervals to inhibit or disconnect the
Sampling Subsystem from the data source;
a '
*The time required for the welding capacitor to recharge
to the ,voltage necessary to deliver, the desired welding energy.
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t•	 Indicator Reset Time	 (Tl)
• Sample Time	 (T2)
• Compare Time	 (T3)
• Memory Reset Time 	 (T4)
These four signals define all of the active	 y
time intervals for the NDT system. Bach of
these times and their relationship is shown
in Figure 7. As may be seen from Figure 7,
the inhibit time may easily be varied but may,
not be sufficiently long to interfere with
the normal operator welding rate. The timing
pulses (T) are generated by the system clock,
and the control pulses (C) are formed by gat-
ing the timing pulses.
•	 System clock — The timing generator is
composed of a signal conditioning ampli-
and five trigger forming networks as
r ran in Figure 8.
The signal conditioning amplifier is an-
integrated circuit (IC) amplifier which
has a gain of 100 and whose output is lim-
ited.to 51 volts.
	 This amplifier is neces- ;_
sary in order to shape the incoming signal
so that it will trigger the indicator re-
set circuit	 (Tl).	 In addition, since the
r trigger for the system clock is the weld
pulse ` signal, and the weld pulse signal is
one of the signals to be sampled, the rise
time at the output of the amplifier must
be .increased so that the system is in the
sample mode (T2) when the weld pulse is at
y
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its peak amplitude. Also, the use of are
amplifier at this point provides a high
input impedance (;ze 100K) to the system
clock and therefore does not load the weld
pule signal.
1
As shown in Figure 8, the output of the
amplifier is limited and differentiated to
provide the trigger pulse to activate TI
(Indicator Reset). This pulse is routed to
the indicator drive circuits to automati-
cally reset all the indicator circuitry.
The trailing edge of T1 is used to activate
T2, which is the sample' nterval, and it is
during this time that to NDT system is in
the sample mode. The trailing edge of T2
activates T3 (compare time). This sequence
is continued until all the one-shots have
been triggered. As shown in Figure 8, the
inputs to the first fouz- one-shots are
gated. Thus, if the Inhibit Pulse (TI) is
true (a logical one) , the other one-shots
cannot be activated; therefore, it inhibits
the timing system.
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NDT system.	 At the end of TI, the entire
system is in a state to conduct an evalua-
tion of the succeeding weld.
•	 Timing generator — The signals from the
system clock are routed to the timing gen-
erator where they are -gated and level-
shifted to provide the drive necessary to
control the remainder of the Sampling Sub-
system.	 As shown in Figure 9, 	 the timing
pulses, T1 through T4, are coupled through
diode transistor logic (DTL) gates to pro-
vide isolation between the system clock and
the control signals (Cl through C5) and to
provide fast rise and fall times for the
control signals.	 The latter is required to
reduce the errors 'which could occur if two
related control signals were activated dur-
ing the same time interval.
The control "C" pulses are used to drive
analog switches in the evaluator portion
of the Sampling Subsystem. 	 These analog
switches require control voltages which
range `from +6 volts to -14 volts. 	 These
voltages are actually provided by the gate
drivers.	 A typical circuit is. shown in
Figure 10.
The gate driver is turned on during the
time the input signal (T pulses) is -L-rue,
> 0.7 VDC; and is off when the input sig-
nal is false, < 0.7 VDC. Therefore, when
the driver is on, the output voltage is
approximately +6 volts and during the off
time it is -14 volts, these voltages are
suff'icient to properly control the analog
gates.
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d.	 Weld evaluator circuitry
The function of evaluating the weld attributes is
- performed by the Weld Pulse evaluator, the Set-
down evaluator, the Infrared evaluator, and the
Output Logic circuitry.
	
These circuits sample
the weld attributes, compare them with the appro-
priate acceptance limits and based upon this com-
parison decide if the weld is good or bad.
	
The
theory of operation for the Weld Pulse evaluation
circuitry is described in the fol lo fAring paragraphs.
A block diagram of the weld Pu.l.s e evaluator is
shown in Figure 11.	 All the switches shown in
Figure: 11 are N-channel field effect transistors
(PET).	 When in the conducting state,	 these de-
vices exhibit an impedance of less than 50 ohms
and when they are not conducting they exh ibit an
impedance of 10 8 oh. ,^ s.	 Thus, for the purposes of
this discussion they are considered to be an ideal	 F
swiich .	 1
' A shematic of a typical single-pole-single-throw
FET switch is presented in Figure 12.	 An N-channel
`unction FET ' is on unless a reverse bias is a 	 l`	 a7	 pp ed^
to the source to gate junction. 	 This reverse bias
' must be in excess of Vp (pinch off voltage).	 For
the 2N4093 devices used in the NDT system, Vp is
5.0 volts.
	
To assure that  the FET will remain "on"
q	 ^!	 g:at all required times, the following equation muse. 	 y,be satisfied.
-^I
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1where
Vg on = required gate voltage to maintain "'onol
Vs	 = VCE sat. of drive transistor N 0.5 volts
VRCRI = Revers voltage drop of CR1	 0.05 volts
A
	
= Maximum input voltage = 2.5 volts.
Therefore, solving equation (1) yields
Vg on > + 3.05 volts.
In the NDT system, +6 volt supply is used; there-
fore, an acceptable safety factor exists. 	 To en-
sure that the FET will be "off" during the required
interval, equation	 (2) must be satisfied:
-Vg off > e .+ VFCRI + Vp	 (2)
a,n
where	 Vg off = required gate voltage to maintain
off condition, 
VP	 = FET pinch cuff voltage = 5 volts,
s
VFCRI	 = forward voltage drop of CRI
0.7 volts,
r ein	 = maximum input voltage = 2.5 volts.
s
^w
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The solution of equation (2) yields:
Vg off > 8.2 volts.
A -14 Vdc ,power supply is usr;d in the NDT system,
so again there is a large safety factor to allow
for variations in tin . The control signals for
the FET's are derived from the gate drivers pre-
viously discussed, and Vg off is present during
the time the gate driver is off and Vg on is avail-
able during the time the gate driver is off. With
this understanding of the FET switches, we can. now
describe the operation of the Weiu Pulse (WP) eval-
uator.
As previously noted, the WP, in addition to being
an evaluated weld attribute, is used to initiate
the NDT sy:-tem. Prior to the occurrence of the
WP all switches are in the position shown in Fig-
ure 11. When the WP occurs, the timing generator
is activated. During the interval Cl, S5, S6, and
S8 are closed. This allows the WP voltage to be
stored in capacitor Cl
During C2, S5 and S6 are opened and Sl, S2, S3,
and S4 are closed. In this condition the WP volt-
age stored on Cl is applied to the negative (-1)
input of comparator amplifier CA2 and the plus (+)
input of comparator amplifier CAl. At the same
time, the Acceptance Limit Selector (ALS) voltages
r :	 are connected to the opposite inputs of the compar-
ator amplifiers.
Thus, if the ALS (lo) signal is greater than the
WP peak voltage stored on Cl, the output of CAl
will be positive (true)	 If the ALS (lo) is less
.. 49.
tV
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than the voltage stored on Cl, the output of CAl
will be negative (false). In a similar mariner,
if the voltage on Cl is less than the ALS (hi)
voltage,, the output of CA2 will be false, arid,
if the Cl voltage is greater than the ALS (hi)
voltage, the output of CA2 will be true.. Thus
the comparison of the WP amplitude with the appro-
priate acceptance limits has been accomplished.
The results of the foregoing comparison are trans-
ferred to the high register, low register, and out-
put logic.	 As discussed above, Sl and S4 were ac-
tivated at the same time S2 and S3 were activated.
Thus the states of the comparator amplifiers are
transferred to the appropriate registers, as well
as to the output logic circuitry.
ry If WP voltage is > ALS	 (hi)..	 the high register
will be set.	 If the WP is > ALS 	 (lo), the low
register will be set. 	 If either of these condi-
tions exists, the "OR" gate which goes to the
output logic is activated and this signal is
coupled to the output logic circuitry. 	 When ac-
tivated, the high or low registers provide the
signals necessary to illlumina' te the corresponding
indicator lights located on the ALS subsystem.
This accomplishes the comparison function of the
WP evaluator circuitry.	 To prepare the circuitry
for sampling the next WP • voltage, the capacitor Cl
must be discharged and the registers must be reset
to zero.	 Capacitor Cl is discharged by control.
pulse C4 and on the succeeding Tl pulse the regis-
ters are reset to zero.
e.	 Output logic circuitry
The output logic circuitry determines the status
of the three sampled attributes. 	 If two out of
50.
oil
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i
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three of them are beyond the limits established,
f the NO-GO register will be set and if less than
two out of three are outside the acceptance lim-
its, the GO register will be set.	 A simplified
Jr block diagram of the output logic circuitry is
shown in Figure 13.
The function of determining the status of the
weld evaluation is accomplished by "AND" gates
Zl,,	 Z2,,	 and Z3	 (Ref. Figure 13).	 If any one of
the "AND." gates is activated, 	 the 1P OR" gate Z4
will be activated and the NO-GO register will be
set.	 Further,,	 the monitoring of the OVER-R:TDE
conditions,	 i.e., reverse welding polarity or ex-
ceSSiVE! setdown,	 is also done by Z4.	 If either
of these conditions exists, the NO-GO register
will be set.	 If none of these conditions is pres-
ent, the NO-GO register will not be set and no sig-
nal will be coupled to the GO register.	 The GO
register is designed such that no signal*change
on the NO-GO register will leave it set.
	 If, how-
ever, the NO-GO register is activated by any of
previously described conditions, the GO register
will be reset.
	
The GO and NO-GO registers control
the corresponding indicator lights on the Trans-
ducer Assembly.	 The outpuL logic circuitry is de-
signed such that the GO indicator is automatically
reset by the succeeding WP voltage. 	 The NO-GO
register may be reset manually by the weld opera-
tor or may be reset automatically by the succeed-
^k WP.
f. Acceptance Limit Selector subsystem
This subsystem contains the individual weld attri-
bute indicators, the system manual reset switch,
and the Acceptance Limit Selector circuitry.
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The weld attribute indicator schematic is shown
in Figure 14 and simply consists of lamp drivers
and indicators. The inputs to this circuitry are
provided by the previously discussed Sampling Sub-
systeri. As may be seen from Figure 15, the status
of each weld attribute is displ-, yed to the opera-
tor. In the case where a weld is rejected, the
out-of-tolerance attributes are identified and
the characteristics, i.e., h igh or low, of the
failure indicated. This feature was particularly
useful during the NDT 'Prototype evaluation program,
since it allowed us to assess quickly the validity
of the acceptance limits.
The acceptance limit circuitry provides five sets
of Hi-Lo limits to the Sampling Subsystem. Accept-
ance limits corresponding to the types of mater-
ials being welded are selected by the operator.
To facilitate this operation the ALS buttons are
color-matched with the weld station Energy Selec-
tor buttons. Thus, as the operator selects a new
schedule., she presses the same colored button on
the Acceptance Limit subsystem to factor in the
correct limits.
r .	 Each set of limits is derived from a dc. to d.c.
converter operating from the NDT system power
supply. These circuits provide a voltage range
of 20 mVDC to 3.0 VDC. The NDT system can be
expanded to handle mare than five materials or
schedules by adding more limit cards to the ALS
system. The schematic for typical ALS card is
shown in Figure 16.
g. NDT system parts and packaging
The electronic components incorporated in the NDT
prototype design are either high grade commercial
53.
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1or MII,-SPEC types. All parts were carefully
checked and marginal devices were culled out by
burn-in tests conducted in our Laboratories.
iThis approach resulted in trouble-free performance
du_ing the evaluation program and was accomplished
at a minimum parts cost.
Commensurate with thi s approach,	 commercia l ly-
available chassJ_s and cabinets were utilized.	 No
l attempt was made to mini-aturize the system pack-
ages.
	
In order that design modifications, 	 indi-
cated as a result of the production evaluation
program, could be easily incorporated, maximum em-
phasis was placed on equipment servi-ceability and
flexibility.	 All components are point-to-point
wired on printed circuit. plug-in boards and assem-
bled into card cages.
	
This approach of hand wiring
the boards reduced construction costs for the three
prototype systems and enabled changes and modifica-
tions	 to be readily made. 	 Fi.gure	 17	 illustrates a
typical circuit board layout-.
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V. PROTOTYPE NDT SYSTEM EVALUATION PROGRAM
To date, our evaluation of the prototype NDT system: has been
accomplished on the production'lines of Lockheed Missile &
Space Company/Sunnyvale (LMSC;) and General Dynamics/Pomona
n
(GD/P) .	 The purpose of the evaluation program is to process
large quantities of production welds in a manufacturing en-
vironment in order to establish the performance integrity
and operational reliability of the equipments and to demon-
strate the validity of NDT concept as implemented by the pro • -
totype systems.
Work on the evaluation program is continuing and additional
production weld data are being obtained.	 These data will be
used in conjunction with that already acquired to provide 'an
overall assessment of the developed NDT methods and instrumen-
tation.
	
At the completion of the data gathering task, a sum-
mary report will be prepared which will document the demon-
strated prototype system effectiveness in production applica-
test	 fartions.
	
The evaluation program	 results so	 obtained	 .,
indicate that the task objectives will be met in all respects.
p	 Altogether, about 30,000 welds have been processed through the
NDT systems. The equipment 'did not 'accept any defective welds
R	 ^
A
"; P
in either facility as determined by user visual test or sub-
se uent functional electrical tests. Potentially eq	 	 s rl.ous
deviations in the welding process caused by such things as
power supply drifts, contaminated lead materials, etc. were
detected immediately by the NDT systems. In addition, defec-
tive welds caused by common operator errors such as incorrect
schedule selection, mispositioning the work between the elec-
trodes, and incorrect welding pulse selection, were consist-
ently rejected by the NDT systems in both user facilities.
yn the process of detecting bad welds, the NDT systems re-
jected about 0.8/ so-called good welds. We had previously de-
termined through laboratory studies that it is necessary to
	
r	 reject a small percentage of good welds in order to assure the
	
v	 detection of bad ones and eliminate marginal quality. It is
important to remember, however, that all the rejected welds
exhibited characteristics that were outside the range estab-
lisped as normal by the acceptance limit measurements and
were therefore indicative of a substandard weld. Conversely,
based upon our experience during the Phase I work and with
1
the prototype systems, a high degree of confidence can be
placed in the welds accepted by the NDT systems
It The remainder of this section is devoted to a more detailed
Aic!r,1ic=inn of HIP F:valiinf- inn AI An_ ii- a imnIenim inn 4- af;r%n ar,A	 a
w.
A. Evaluation Test Plan
This plan ' was formulated to provide the methodology re-
quired to yield the information and supporting data neces-
sary to demonstrate the effectiveness of the NDT weld eval-
uatois in the production environment. The implementation
of the plan was preceded by discussions between NASA, LMSC,
V
GD/P, and WVS; at which time the program objectives were
explained to the user organizations and ground rules estab-
lished that would minimize the impact on the users' normal
production operations.
The evaluation program consisted of the following major
events:
:.	 + NDT system installation and checkout
• Weld Acceptance Limit derivation for each meas-
ured attribute, i.e., Weld Pulse, Infrared, and
Eetdown
1a3
production measurement phases.	 These are discussed in
more detail in the following paragraphs.
1.	 Pre-production Phase
LMSC and GD/P assigned production welding stations to
WVS for NDT instrumentation.	 A flow diagram depicting
the major milestones involved in readying the NDT
equipment for the production weld measurement phase
is shown in Figure 18.	 As may be seen from this fig-
ure, all of the lead materials required to run the
limit	 by theacceptance	 measurements were provided
participating organizations and were identical to the
component	 materials	 welded	 the pro-lead	 to be	 during
duction phase of the weld evaluation program. 	 All
tasks called for during	 he pre-production phase wereg	 P	 P	 P
4
performed by WVS engineers.
f	 '
.	 The periphery test equipment required for NDT instal-
lation and setup, such as digital voltmeters and oscil-
loscopes, were generously suppl. ed by the user organi-
zations. Special equipment such as the infrared cali-
bration-source and strain gage calibration equipment
was supplied by WVS. Specific items on the Pre-produc-
Etion Flow Chart are discussed inmore detail below.
1
i
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a. NDT installation and calibration
The physical incorporation of the NDT systems into
the production weld stations requires no modifica-
tions of`any kind to the existing equipment. A
significant result noted during the evaluation
program was that the NDT systems did not in any
way impede the operator, or adversely affect the
normal operation of the weld station.
The transducer assembly mounts as a unit to the
welding head using existing bolts (Ref. Fig. 4).
The Weld Pulse take--offs are snapped on the ends
of the welding electrodes by means of end caps.
The Acceptance Limit subassembly is situated next
to the operator's Energy Selector such that she
can easily reach it to operate the ALS push but-
tons. The NDT Sampling Subsystem and Power Supply
are placed underneath the workbench and out of the
way.
NDT calibration involves only the transducer assem-
bly since the rest of the circuitry is predominantly
digital in nature and requires no adjustments. The
calibration procedures are quickly accomplished in
the folloiwng manner.
o Weld Pulse -- A 150 micro-ohm shunt was placed
between the electrodes to provide a standard
reference load for calibration purposes The
correct amplitude of weld voltage pulse that
should appear across the 150 micro-ohm shunt
was determined for representative watt-second;
settings. The voltages measured across the
shunt was then checked daily to Verify proper
welder operation.
64.
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• Infrared
	 For calibration of the IR sensor
a miniature (0.030" diameter) tungsten fila-
ment 'bulb, operated at a predetermined, pre-
cisely-monitored current value, was used as a
reference source. A fixture was designed which
placed the bulb in a fixed position relative to
the IR sensor with the filament parallel to the
plane of the sensor. This position is between
the welding electrodes at the same location.
where a weld would normally be made. At the
time of initial, NDT installation, the output
of the IR detector was set by adjusting the
distance from the calibration source to the
sensor, such that an output of 52 t 3 mV was
obtained.. Calibration checks were then run
on a daily basis to verify the proper opera-
tion of the IR detector.
• Dynamic Setdown
	 Because of the bending char-
acteristics of the electrodes and holders, an
indirect relationship exists between the strain
gage transducer movement and weld setdown. For
this reason a calibration curve was generated
to relate transducer bridge output to true dis-
tance between electrode tips. The calibration
curve was generated by inserting shims beween
the electrodes and measuring bridge output at a
specific weld-force setting. Seven readings
were taken at increments of shim thickness, and
the mean of each set of readings used to estab-
lish a point on the calibration curare. Insofar
as dynamic setdown accuracy is concerned_, set-
down instrumentation is calibrated at the spe-
cific welding force used, and any system bend-
ing is automatically accounted for in the cali-
bration procedure and valid readings are assured.
The calibration curves generated as &escribed
'i I
tI
wI
1
1
I
I
t
1
above were used to provide a reference for
daily four-point:. setdown transducer calibra-
tion checks.
b. Weld acceptance limit measurements
For each weld material pair selected 'for process-
ing through the NDT instrumental welding stations
a control group of welds was fabricated under ideal
conditions and of known duality to establish t17e
appropriate NDT attribute acceptance limits. The
control groups consisted of one hundred welds each
for which all NDT attribute measurements and pull
strengths were recorded. The control group meas-*
urement data defined the NDT measurement distribu-
tion characteristics to be anticipated from good
production welds. Thus the acceptance limit volt-
ages were defined and set into the NDT system.
The specific materials joined and the acceptance
limits derived are tabulated in Tables 3 and 4.
The weld schedule informaticon is contained in
Tables 5 and 6 The choice of materials for pro-
cessing through the instrumental weld stations
represents over 90% of the material types being
welded at both user facilities, and thus became
logical selections for use in the NDT evaluation
program.
I	 I
: 11 For the purposes of our evaluation program a maxi-mum of 50% setdown was allowed before the weld was
rejected, since this amount was standard at both
LMSC and GD/P. In summary, the NDT Accept/Reject
criteria were as follows ='
o	 Weld rejection criteria --- Any weld with over
50% dynamic setdown or, any weld produced with
7
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TABLE 5
.020" BARE: NICKEL WIRE INTERCONNECTi`
(GD/P Weld Schedule)
Material Diameter Force Watt-Seconds Pulse
lbs _ Length
Dumet Au Flash .025 6.0 5.4 Normal
Ni Au Flash .020 6.0 5.6
Ni. Au Flash .025 6.0 6.5
Kovar Au Flash .017 6.0 2.8
Ni Au Flash .016 6.0 4.0
TABLE 6
.012" X .030" NICKEL RII3BON INTERCONNECT
(GU/P Weld Schedule)
Material Diameter Force	 Watt-Seconds Pulse
—
Alhsl Length
Kovar 0.017 8.0	 10 Long
Dume t 0.020 R.0	 14
Nickel 0.020 8.0	 22
Nickel 0.025 8.0	 28
OFHC Cu 0.025 8.0	 44 Lonr_,
68.
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Vreverse polarity setting or, any weld yield-
ing any two or more "FALSE" weld parameter
signals (i.e., any detected signal outside
the Acceptance Limits determined at the time
of installation calibration) .
Weld acceptance criteria -- Any weld with less
than 50 dynamic setdown and proper weld polar-
ity setting, and any two or, more "TRUE" weld
parameter signals (i.e., any detected signal
inside the Acceptance Limits determined at the
time of installation calibration).
C. ;.-Operator training,
All the production welding Qper.ators utilized dur-
ing the NDT evaluation were thoroughly indoctri-
nated  relative to the program objectives. Particu-
lar emphasis was placed in explaining the impor-
tance of their role to the final outcome of the NDT
evaluation effort. Complete operating instructions
including system turn-on and use of the Acceptance
Limit Selector subsystem were provided.
In order to preclude the possibility of accepting
bad welds due to a malfunctioning VDT system, vis-
ual aids were provided that made an operational
failure in the NDT instrumentation evident to the
operator. These aids are presented in Figure 19.
To date, seven different operators have been uti-
lized during the course of the NDT evaluation.
Adaptation by the operators to the presence of the
NDT system carne about rapidly in each case. Ini-
tialobjections concerning the "Big Brother" as -
pect of the system subsided after a brief exposure,
and they began to take interest in the system. In
each instance, the operators began to use the
69.
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NDT SYSTEM FAILURE MODES
Occurence of any of the following conditions is indicative of
NDT system failure. Each failure mode is , accortipanied by an
illustrated example. White blocks indicate illuminated indicator
lamps.
Figure 19.
A	 Simultaneous illumination of the HI and LO lamps for any channel.
WP	 SD	 IRS	 EXC	 REV
SET WELD
DOWN PULSE
. .. 
............
L 0
LIMITS SELECTOR DISPLAY'GO,
 
NO-GO
DISPLAY
B	 NO-GO lamp fails to illuminate when two or more parametexs*
are out of limits and/or one or more absolute override conditions
are indicated.
NDT SYSTEM FAILURE MODE'S
Occurence of any of the following conditions is indicative of
NUT system failure. Each failure mode is accompanied by an
illustrated example. White blocks indicate A-1urninated indicator
lamps.
Figure 10.
Simultaneous illumination of the III and I.0 lamps for any channel.
WP	 SD	 IR
— --	 EXC	 R B V I	 —
H I	 SET WELD	 0
DOWN PULSE:
to
ILCA
LIMITS SELECTOR DISPLAY	 GO, NO-GO
DISPLAY
B	 NO-GO lamp fails t.o illuminate when two or more parameters
are out of limits and/or one or more absolute override conditions
are indicated.
	
WP	 SD	 IR	 - -
	
EXC	 REV r
	
H I	 SET	 WELD	 r 'o
	
DO^IN	 PULSE
	
- !
o	
l 0
	
l __	 .. --
	 -	 I	 r^ ro
J	 ILIMITS S;:T_,ECl'OR DISPLAY	i GO, NO-GO
I DISPLAY
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tWP
L ID
SD
Lj
BITS SELL
A
C	 Simultaneous illumination of setdown low and excess setdown
indicator lamps.
IR EXC
SET
DOWN
ECTOR DISPLAY'
REV
WELD
PULSE
co,
NO
 
NO-GO
DISPLAY
D *
	
	 Setdown HI fails to illuminate when excess setd6wn lamp
illuminates.
WP	 SD	 IR	 EXC	 REV
SET	 WELD
DOWN PULSE
WP	 SD
NI	 HI
LIMITS SEI
IR
N4
aECTOR D
EXC
SET
DOWN
ISPLAY
1
F	 GO lamp illuminates when two or more parameters are out
limits and/or one or more absolute override conditions
are indicated.
REV I
WELD
	 G 0
PULSE
N0
G 0
GO, NO—GO
DISPLAY
F	 Simultaneous illumination of the GO and NO-GO lamps.
PW
't.
a.
G	 NO-GO lamp illuminates when less than two parameters are out
of limits and no absolute override conditions are indicated.
WP	 SD	 IR
r	 EXC	 REV
1	 SET	 WELD
-1	
',1	 FG]DOWN PULSE
N0
G 0
LIMITS SELECTOR DISPLAY	 i GO, NO-GO
DISPLAY
H	 GO lamp fails to illuminate when less than two parameters are
out of limits and no absolute override conditions are indicated.
Vsystem as a tool to indicate trouble spots on
their modules, and as a result became aware of
which welds on a particular module required more
attention than others.
2. Production Phase
Following the initial setup and calibration, the sta-
tions were returned to normal production operations.
It was noted that the NAT instrumentation did not im-
pede the normal calibration or maintenance of the weld
station.
In order to dress and adjust the electrodes, 	 the oper-
ator first moved the IR transducer to the fully-ele-
vated position.	 She then proceeded to dress and ad-
just the electrodes in a normal manner. 	 Upon comple-
tion of the operation, the transducer was lowered
against the keyed stop to its original position and,
M. clamped as provided for in the transducer design.
Periodically during the evaluation it became necessary
to replace the welder electrodes.
	
This operation re-
quired the IR transducer to be elevated and the weld
pulse channel pickup leads to be removed.	 This opera-
tion required about 15 seconds to execute.
	
Reversing
74.
the operation requited a similar amount of time Thus
the total. Jinterference time generated by the presence
of the NDT transducer assembly is in the order of thirty
seconds per maintenance operation.
it was observed that the operator concentration on
the job seemed to be enhanced by the presence of the
system. Operators who utilized the station seemed to
gain a new awareness of what they could do to increase
the quality of their welds. At no time was the NDT
station output less than that of the other weld sta-
tions on the line. in most instances the NDT station
output bank was larger than those of other stations.
This may be due in part to the increased concentration
the NDT station operators displayed.
The type of modules being manufactured at both LMSC
and GD/P were of the three D cordwood type. Components
are mounted between two fiber positioner boards. To
fanili-tate handli-na the nositioner boards are mounted
f_E
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Two methods of component interconnect were employed.
One method routed lengths of nickel ribbon, .012" x
.030". between the components to be connected. Com-
ponents were first welded to their respective ribbon
lengths and the operation was completed by trimming
off the excess ribbon ends. The other method used
pre-assembled nickel wire grids, .020", guide to con-
nect the components.. This technique allowed multi-
level assemblies and did not require the operator to
route the interconnect material.
Figure 20 presents a flow diagram of the NDT evalua-
tion program production phase. At the completion of
each set of modules covered by a specific production
bend the NDT results were compared with user visual
inspection and, functional test results. All the in-
formation generated from all program inputs is being
accumulated and will be used for a final overall
assessment of the prototype NDT. system effectivity,	 y
the results of which will be published in a supplemen-
tary report. It will be noted from Figure 20 that the	 s.
production measurement phase will culminate with an
assessment of NDT effectivity, both from the stand
MM
point of a weld-by-weld quality determination and as
a monitor of weld process control.
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tOn a weld-to-weld basis an NDT measurement result
will be considered valid if the equipment accepts a
IF weld that meets the basic requirements of user and
WVS visual inspection, and user functional tests.
The NDT result will also be considered valid if the
system rejects a weld that does not meet the above
requirements.
The effectivity of the NDT system as a process control
monitor will be assessed on the basis of its sensitiv-
ity to deviations from optimum welding conditions.
	 In
other words, if a weld rejection can be legitimately
equated to a potentially serious perturbation in the
welding process, regardless of the weld's acceptability
by the criteria already discussed, the process control
aspect will be considered valid.	 Future production
versions of the prototype equipment would incorporatc,,,
the electronics necessary to detect process control
deviations by counting the number of defective welds
occurring in a predetermined group of consecutive
welds.	 In the event the process deviated beyond the
control limits set, welding could be automatically
terminated through an interlock system. 	 The process
monitoring feature is particularly desirable in auto
matic welding applications, since it would, initiate
^.w
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prompt remedial action immediately the process drifted
out of limits or some component in the weld station
malfunctioned.
Formal weld acceptance criteria were of couise in ef-
fect at both LMSC and GD/P. - No production welds were
rejected on the basis of NDT indications alone. In
the final analysis it was the user inspector who de-
termined the acceptability of questionable welds.
Their decisions were based on qualitative assessments
of the weld strength as determined by applying a force
to the joint, by means of a scribe or orange stick.
If the we ld survived without separation of materials
or other damage, it was generally accepted regardless
of its cosmetic appearance.
In view of the importance of NDT data recording, a
more detailed discussion follows.
a. WVS Traveler and On-Line Recording
A special Traveler was designed to record the essen-
tial NDT I nformation and data. These forms pro-
-*J0	 vided us with a permanent record and enabled us to
refer back to the on-line NDT results for correla-
tion with subsequent visual inspections and func-
tional test results. A replica of the form i s pre-
sented in Figure 21.
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Page 1 of 3
WVS NDT TRAVELER
DATE	 DEPT.	 OPERATOR
MODULE DRWG . NO	 GRID NO.
MODULE SERIAL NO.	 MODULE SHOP ORDER NO.
WELDING MATERIAL & ENERGY
@ 6 lb s .
Material Schedule: .WS
Eng/Ser
Button Color Check 
^
.schedule Used
.020 Au Flash Ni. 5.6 Red
.020 Au Flash Dumet 5.0 Green
.025 Au Flash Ni.
.017 Au Flash Kovar
6.5 Blue
2.8 Yellow
.016 Au Flash Ni. 4.0 Orange
i
tNDT NO/GO WELD RECORD
DATE	 MODULE DRWG . NO.
MODULE SERIAL NO.	 MODULE GRID NO.
Weld Material Weld TDbCom o.
TnTP IR SD
Hi Lo Hi j Lo Hi Lo Exc.
I
f
USER INSPECT & TEST, DEFECTIVE WELDS RECORD
MODULE DRWG. NO. 	 MODULE SERIAL NO.
Station Where
Failure Identified
Failure Mode Weld ID uaVisuall Pre-Pot dost-Pot
Next
Ass
l
t
t
W
1
The top sheet of the Traveler contains space for
sufficient information to identify the particular
module at any point in the production loop. It
also has provisions to indicate the types of
material welded and the total number of welds in
the module.
Page 2 of the Traveler is for the recording of
actual NDT weld evaluation results.. When a NO-GO
event occurs, the operator glances over to the
Acceptance Limit subassembly and reads and records
the indicator display by checking the appropriate
boxes. Also the material type is noted and the
weld identified on the Traveler by component number,
i.e., Rl, Cl, etc. This number is read directly
from the positioner board. By knowing the compo-
nent number and the grid number it is possible to
relate a subsequent weld failure in any module back
to the appropriate NDT results for later NDT effec -
tivity analysis.
Page 3 of the Traveler was used to record subse-
quent weld defects discovered by visual inspection,
pre-pot and post-pot functional testing. 	 The infor-
mation necessary to complete this portion of the
Traveler beyond the pre-pot test point was not ob-
tained in every case.	 Many times the modules in
a particular production bond would go into storage, 	 I
or be impacted in some other way, so that weeks
?r sometimes elapsed before the subsequent manufactur-
ing operations and electrical testing were completed.
However, since the great majority of welding `prob-
lems become evident prior to post-pot testing, we
do not consider the NDT evaluation program results
.- will be significantly' compromised by this situation.
j
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During the initial stages of the production eval-
uation program all on-line. NDT measurement results,
both GO and NO-GO, were recorded by means of a
four-channel Sanborn recorder.	 One channel was
used per attribute to be monitored.	 The fourth
- channel was used to record the status of the GO
and NO-GO indicator lamps.	 Signals recorded were
obtained by placing a voltage divider across each `.
of the indicator lamps.	 This allowed the state of
each of the weld attributes to be recorded.	 Signal
levels and lamp conditions are illustrated in
Figure 22.
The purpose of the strip chart was to provide a
permanent record of each weld, good or bad,	 that •
was processed through the NDT stations.	 Also we
were concerned, due to the electrical noise prob-
lems previusly discussed, that the NDT system may
: make an error in judgment; for instance, it may
indicate a GO condition when two of three attri-
butes or either of the override functions were out
of the acceptance limit range.	 If such erroneous
indications did occur, they would be immediately
evident from the strip chart record.
In order for the record of weld measurements to
have significance for any succeeding reference or
-^ analysis, it was essential that the exact welding
sequence and number of welds per material be knownter,
and so indicated on the record.
	
The prime problem,
which became evident early in the production mews-
urementprogram, was that of gying the operator
down to a specific welding sequence.	 NorMally, in
the ribbon module type, the operator would complete
all the welds along a ribbon, which may in
several changes of schedule.	 Also, depending on
how the module was going together, she would, weld .ar,
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in different areas of the positioner board so that
at the end of the welding operation the board was
flat and within the form factor allowed. The lat-
ter reason was also true for modules using the pre-
assembled wire grid interconnect method. Thus the
implementation of this approach required consider-
able attention both from then operator and WVS rep-
resentative. Further, the probability of impact-
ing the participating organizations programmed
production schedules and yields were such that it
was not reasonable to expect them to comply with
these requirements beyond the time necessary to
check the functional integrity of the NDT system.
b. Preliminary NDT e=valuation program results
The information presented in this section has been
derived from the NDT measurements to date. A com-
plete report documenting the demonstrated NDT
effectivity in the production environment will be
prepared at a later date when the measurement ,pro-
gram is completed and all the cumulative data have
been analyzed. The results so far obtained indicate
that system effectivity will be adequately demon-
strated.
a
As will already have been noted, four different
types of component lead materials were processed
through the NDT stations. These were Kovar, Dumet,
Nickel, and Oxygen-Free High Conductive (HFHC) Cop-
per. These materials conservatively accounted for
over 95% of all the materials currently being welded
at LMSC and GD/P. A histogram showing the propor-
tionality in numbers of welds for the different
materials is shown in Figure 23. Since it is very
difficult; or impossible to obtain -satisfactory
welds with copper wire to nickel wire combinations,
this material was used exclusively in combination
with nickel ribbon.
	 The OFIIC copper was used on
Allen-Bradley resistors. 	 Gold flasbf,-d Kovar lead
material was found primarily on transistors and
IC's.	 Dumet appeared mostly on diodes.	 Many of
the parts purchased and controlled exclusively
for welding by LMSC came with nickel or gold
flashed nickel leads. 	 Generally speaking, the
parts at GD/P were controlled for the dual purpose
of welding or soldering.
As may be expected from well-controlled welding
operations such as the ones in effect at the
participating organizations, the actual bad welds
produced represer.l...ed a small proportion of the
total welds fabricated.	 However, numerically a
significant amount did occur.	 Considering that
it takes only one weld failure in most instances
to render a circuit inoperative, 	 it is extremely
important, from the standpoint of both cost and
reliability, that defective welds be detected,
and especially that they be detected at a point
in the production cycle where repairs can be made.
Altogether, approximately 30,000 welds have been
processed through the NDT stations. 	 The NDT re-
sults have been correlated at least through user
visual inspection, and mostly through the pre-pot
stage.	 The NDT systems did not accept any defec-
tive welds as determined by company visual inspec-
tion and subsequent electrical test.
On a weld-by-weld evaluation the NDT systems re-
jected 372 production welds.	 Of this number the
user QC organizations concurred with 93.	 Thus the
NDT rejection rate was 1.24% of the total welds
and user QC rejection rate ran 0.31%. 	 Therefore,
88.
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based on these figures, the NDT systems rejected
0.93% good welds.	 It must be restated here that
visual inspection criteria are highly subjective
and difficult to apply because of personal inter-
pretation factors. 	 For instance, independent
visual inspection by WVS resulte^. ^in a count of
148 of the 372 rejected by the NDT system as being
legitimat.e based upon their interpretation of the
 docume^nt	 weld acceptance criteria.	 Inuser's 	
this instance, ofcourse, the iiDT systems rejected
only 0.74% good welds.
	
With 
other inputs,	 the
ratio would undoubtedly change again.	 As was pre-
r. viously reported during otir earlier laboratory
studies, it is necessary to reject a small number
of good welds in order to be ass •ared of detecting
all of the bad ones and also to eliminate those of
marginal. quality.	 The rejection rate of good welds
thus far experienced in the evaluation program is
in our opinion satisfactory, since all the rejected
welds exhibited measured characteristics outside
the range established by the acceptance limit mea-
surements and wsre therefore indicative of a sub-
standard weld.	 Conversely, based on our experience,
a very high degree of confidence can be placed in
the welds accepted by the system.	 A table showing
percentage of welds rejected per material is shown
in Table 7.
operator errors were, not surprisingly, the prime
cause of defective welds.	 In descending oraer of
importance they were:	 mispositioning of work be-
tween the electrodes, failure to select the correct
welding schedule, failure to select any energy at
all, and incorrect force settings.
Potentially serious problems in process control be-
came immediately apparent.	 Specific examples which
89.
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TABLE 7
PERCENTAGE OF WELDS REJECTED PER MATERIAL
Material	 Number of Welds	 Percent Rejected
Nickel 17,269 .80
Dume t 6,091 1.80
Kovar 5,145 0.33
1,535 5.60*Copper
*Most of these rejects were for excessive deformation.
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actually occurred during the evaluation program
are given below:
0 Improper setup -- Ten consecutive welds were
rejected inuaediately after routine station
maintenance by the user. Examination of the
setup showed that the electrodes had been im-
properly dressed and were set to an out-of-
specification length. Redressing and adjust- 	 P
ing the electrodes corrected the condition.
Energy drift
	 A series of Dumet welds was
rejected by the NDT system. (IR-Lo, SD-Lo).
An examination of the setup showed that the
welds were being made at 12.5 volt-seconds
instead of 13 watt-seconds. The situation was
corrected and normal welding resumed.
a	 Contaminated lead material 	 This problem
occurred most frequently in r:ovar lead mater-
ials The contaminant in each case was clear
varnish or epoxy, and difficult or impossible
to detect visually. In the case of Kovar to
nickel ribbon welds (10 watt-seconds), the prob-
lem would generally be apparent to the operator
with or without the NDT indication (WP-Hi, SD-Lo),	 z
since an audible crack would usually be heard.
However, for the case of Kovar to nickel wire
welds, where the energy requirement is consider	 °
ably less (2.8 watt-seconds) the no-weld condi-
tion was not always obvious and in these cases
the NDT system rendered the problem apparent
and initiated prompt remedial action.
e Wrong pulse width selection
	
The Weldmatic_
1-065 power supplies have three selections of
output pulse duration The discharge times
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for an energy setting of 50 watt-seconds are,
"Standard," 2.1 ms; "Normal," 3.5 ms; and "Long,"
7.8 ms. Since the energy storage voltage on the
welding capacitor is the same for any given watt-
second setting, the peak energy delivered to the
electrodes is inversely proportional to the dis-
charge times. For example, the peak voltage de-
veloped across a 150 micro-ohm shunt at 14 watt-
seconds "Normal" pulse is 0.3 volts; for the	 V
same energy and "Long" pulse the voltage is
0.2 volts.
The great majority of nickel ribbon welds were
done on the "Long" pulse setting. Occasion-
ally, though, welds were made that required a
"Normal" pulse. Additionally, at one facility,
the Weldmatic power supplies were checked daily
by means of a Raytheon Weld Calibrator which
also worked from a "Normal" pulse On all occa
sions where the pulse width was incorrectly se-
lected the NDT systems refused to accept the
weld.
o Low welding force -- Instances of welding with
incorrect force have not as yet been seen in
actual practice. However, the sensitivity of
the tiL?T system to damaging deviations in weld
force was checked with the following results.
Fifty welds of .020" to .020" nickel were made
at 4 lbs . force instead of the 6 lbs . called
for by the schedule. Of the 50 welds the NDT
system rejected 48 (IR-Hi and SD-Lo)	 All the
welds were subsequently pulled and the result-
ing data compared with that supplied for the
user organization for welds constructed under
'	 optimum schedule. The average strength for
welds produced under optimum conditions was
R	 92.
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SYM	 DESCRIPTION
C1 -2 l 50OWF
	 25V.
C3 500uF 25V.
C4' 1µF	 25V. 	 P1	 Fi t
C5 2000µF 25V.
	 D
D 1 -4 RCA 400266 W,/	 E
float Sinks
D5 MOT P.2  I
Q1 RGl 402 51 w
Heat Sink
02 RCA :0250
03-4 GE	 3392 
PI 1.20 5W 61k
R.2-3
 5I-:	 kw	 5%
R4 1K ^w 5%
R5 6. 19K ' W	 1%
R6 1 OK	 (P(yT)	 Beekman 78 Series
R7 5.62K ',w	 1%
R8 2.87h ^W	 1%
T1 'Triad F 6OU
F1 1 Amp.	 Fuse
F2 2 Amp. Fuse
L1 Neon- GOOK Built in Resistor)
P1 Amphei of	 126-216
P2 4-Connection Jones Terminal Strip
DI Heat
T 1
	
vel	 S ink
Heat
Sink
c
D3 Hent
Hed/Ulr	 Sink
D H^eat
Sink
I'03^UT YR^ii>^
-1
nj	 Neat	 I..
L 
PARTS LIST
4
S N'M
cl-4
C5-6 &
10-11
C7
C8-9
D1-4
Q1-2
Q3
Q•1
Qr-6
R1-2
R'-6
R7-8
Zn-1 ,
R11
i	 R1 3-!
Rl5-16
T1
F1
F2-3
L1
P1
P2
DESCRIPTION
50 r) ,^F 25V.
250 F 15V.
0.1 ^,F 35V.
1 µF 25V
RCA 40260
SHOT. IN4371A	 D
GE 2N3392
RCA 40250	 E
MOT. 2N4898
MOT. 2N4126
8.2 01W 516
5K kW 5-/
3 30 f7L,W 5%
2 .7 K ' W I*/
I nv ;Pot .) 13^ckman 73 Sc C
?.2K '--W 10/,
1.2K;W 1%
Tr L.-id F--93X
4 Amp. Fuse
ij Amp. Fuse
Neon - (100K Built in)
Amphenol 126-216
G-Connection Janes Terminal Strip
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NO`t'BS
1. Cl, C2,	 C3 - 1µF
2. C4 - 250 µF 15 V
3. VR1 - MOT 821
4. Q1, Q2,	 Q3,	 Q,l ,	 Q5	 - GE	 3372
5. Q6 - RCA 40250
6. R 1 2 .4	 K	 ''-2- W 	 1°%
7. R2 -	 2.0 K '-2W 1%
8. R4 -	 5. 1K 1jW 1%
9. R5 & R8 - 1.5K %zW 1%
10. R9 360 1 1,W 1%
11. R10, K1.1,	 RI-2,	 R13,	 R14 & R15	 3101 ^W 1%
12. R6 -	 6.8.,1 1W 5%
13. R7 10K 2W 5%
i4. R3 10K Var. Beckman 78 Series
15. R16 -21 100:, Beckman 78 Series
A.5.
D
Figure A.4.
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NOTES
I. CAI & CA2 are comparator umPlifiers, T.I. P/N SN72710.
2. MC #1 & MC #2 are quad--2-input gates, T.I. P/N SN15846N.
3. All r_apaci.tors are ceramic unless otherwise noted.
4. C3, C5, C7, C8, C10, C14, C15 & C16 are 47 Pfd-
5. C2 & C9 are filmite (Sprague).
6. C13, C17, C18 & C19 are metalized mylar.
7. All FET transistors are Amoco P/N 2114093.
8. All diodes are IN 43.48.
9. On all it. tegr- a ted CK`1'S, PIN 14 is +6V and PIN 7 is 6ND.
10. On FET's D indicates drain lead.
11. Cl & C4, C6 & C'12 should be as close as practical to CAI.
& CA2, respectively.
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Schematic Weld Pulse Subsystem
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•NOTES
1. CA1, CA2 & CA3 are comparator. amhl., T.I. P/N SN72710L.
2. UAl is a differential anipl.,	 T.I. P/N SN727091..
3. All capacitors are ceramic unless otherwise noted.
4. C2, C3, C4, CC, C9, C11, C13 .
 C14, C15, C17, C19, C21, C22,
C24, C25, C27, C30 & C34 are 47 Pfd.
5. C12, CIB & C29 are Fi_lmite (Sprague) .
Cam.
 C10, C25,	 C31,	 C32 & C33 are metalized mylar.
7. All FFT transistors are Amolco P/N 2N4093.
8. All diodes are IN 414£3.
9. MC #1, MC #2, MC #3, are quad-2-input gates, T.I. P/N SN15846N.
10. Cl & C5, CI.6 & C20, C26 & C2.8, should be as close as
practical to CAI_, CA2 & CA3, respectively.
11. All resistors are carbon canposition, 4W, 5%, unless
otherwise noted.
12. R), R2, R4 & R5 are metal film, 1/8 W, 0.1%.
Figure A. 8.
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NOTES
1. C%l & CA2 are comparator ampl.,	 T.I. P/N SN72710L.
2. DA1 is a differential ampl.,	 T.I.	 P/N SN72709L.
3. All capacitors are ceramic unless otherwise noted.
4. C2, C3, C4, C7, C9, C10, C13, C14, C15, C17, C19, C20,
C21, C23 & C25 are 47 Pfd.
5. C11 & C18 are Sprague Fi.l.mite E capacitors.
6. C12, C24, C26, C27 & C28 are metal_ized mylar_ .
7. All FP'T transistors are Amelco P/N 2N 4093.
8. All diodes are IN 4148.
9. MC #1 & MC #2 are quad-2-input gates, T.I. P/N SN 15846N.
10. Cl & C6 & C16 & C22 shculC be as close as practical to
CAI & CA2, respectively.
11. All resistors are carbon composition, 1-4W, 5!, unless
otherwise noted.
12. R1, R2, R3 & R5 are metal film, 1/811, 0.1%.
Figure A.9.
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